Background: Buffaloes are susceptible to viral infections, often associated with pathologies of importance in cattle breeding. Among the numerous infectious diseases, Bovine Viral Diarrhea (BVDV) and Bovine Infectious Rhinotracheitis (IBR) have a negative impact on buffalo creations. This study aimed to detect the occurrence of bovine viral diarrhea virus (BVDV) and infectious bovine rhinotracheitis (IBR) virus infections in buffaloes in Pernambuco state, Brazil. Materials, Methods & Results: For this purpose, serum samples were obtained from 244 buffaloes on eight properties distributed in six municipalities. The search for anti-BVDV and -bovine herpesvirus type-1 (BoHV-1) antibodies was performed using the virus neutralization technique. To analyze the association between the serological status of BoHV-1 infection and aspects of hygienic-sanitary and reproductive management, an investigative questionnaire with objective questions was used. In total, 97.9% (239/244) of buffaloes had anti-BVDV antibodies and 56.1% (137/244) had antiBoHV-1 antibodies. Co-infection was observed in 55.3% (135/244) of buffaloes. The distribution of antibody occurrence in buffaloes by properties ranged from 90.5% to 100.0% for BVDV and from 4.8% to 100% for BoHV-1. It was not possible to perform an association analysis for BVDV infection; however, in that for BoHV-1 infection, the following variables exhibited a significant association: an extensive breeding system (P < 0.001), open herd (P = 0.029), lack of reproductive rest (P = 0.029), natural mating in females with reproductive disorders (P < 0.001), exploration type (P = 0.0014), presence of wild animals (P < 0.001), and lack of cleaning facilities (P = 0.008). Discussion: The occurrence of anti-BVDV antibodies in this study was 97.9% this was higher than those reported in other country's regions. The results of the present study demonstrate a high occurrence of anti-BVDV antibodies in each of the properties in Pernambuco state, demonstrating that the animals have contact with infection sources, due to the large number of positive animals. Indeed, it is likely that there is at least one PI animal in every herd. It was observed that 100% of the properties possessed at least one positive animal. The high number of positive animal properties may be related to the absence of biosecurity measures; a subclinical BVDV infection can occur which the owners cannot identify it, as it is not common the adoption of a reproductive program in the region. The occurrence of the anti-BoHV-1 antibody in this study was 56.1%. In other states, both lower and higher prevalences were reported compared to this study. The high number of properties with positive animals may be related to several factors, including the ability of the virus to remain latent, thus introducing a single animal infected with BoHV-1 sufficient for infection spread and perpetuation in buffaloes.
INTRODUCTION
Bovine viral diarrhea virus (BVDV) and infectious bovine rhinotracheitis (IBR) virus infections are responsible for several reproductive disorders, which cause a negative impact on buffaloes creation [11, 19] .
These diseases present a varied distribution in buffaloes, with prevalence ranging from 11.4% [12] to 84.2% [4] for BVDV and from 30.5% [30] to 100% for bovine herpesvirus type-1 (BoHV-1) [23, 29] BVD and IBR are diseases requiring notification to the World Organization for Animal Health [38] . Persistently infected (PI) animals are considered the main source of BVDV infection in livestock [37] , and studies have already proven the presence of PI animals in buffalo herds [4, 19] .
Transmission in IBR mainly occurs through contact with secretions [9] and semen [14] . Abortions, limb deformities, birth of weak offspring [11] , stillbirths [21] , and subclinical infections [29] have been reported in buffaloes.
Considering the development of buffalo breeding and the limited research in relation to infectious diseases affecting the reproductive, this study aimed to diagnose the epidemiological aspects associated with BVDV and IBR virus infection in buffaloes in Pernambuco state.
MATERIALS AND METHODS

Experimental design
A cross sectional study was carried out in eight properties distributed in six counties in Pernambuco state, Brazil. To compose the study sample, a total of 10,500 heads [20] was analyzed, with an expected prevalence of 51.1% for BVDV [26] and 79.5% for IBR [31] . These parameters provided a minimum sample size of 196 for BVDV and 128 animals for IBR, with a 95% confidence interval, and a statistical error of 7% [33] .
Before collecting the biological material, an investigative questionnaire was carried out, consisting of objective questions to the breeder, referring to the property's characteristics, productive, reproductive, and sanitary management, for the association study analysis.
Sampling
A total of 244 blood samples were collected from the Agrestina (n = 5); Água Preta (n = 50); Canhotinho (n = 21); Quipapá (n = 6); Ribeirão (n = 113); Rio Formoso (n = 50) counties, of reproductive age buffaloes, of dairy and cutting ability, created in a semi-intensive and extensive way, with no history of vaccination against either BVDV or IBR.
In all, 10 mL of blood was collected from the tail vein in the coccygeal region, after antibacterial treatment with iodized alcohol, in previously identified siliconized test tubes without coagulant. The tubes were sent to the laboratory for processing. To obtain the serum, the samples were centrifuged at 900 g for 10 min; the obtained serum was stored in polypropylene microtubes, identified, and maintained at -20°C until processing.
Antibody analysis
The antibody analysis for BVDV and BoHV-1 was performed by the virus neutralization (VN) technique, according to the protocol established by the World Organization for Animal Health [36] . Serum samples were previously inactivated in a water bath at 56°C for 30 min and then distributed into duplicate 96 well microplates at 1:2 and 1:4 dilutions. The test was performed on Madin-Darby bovine kidney (MDBK) continuous lineage cells grown in minimal essential medium (MEM), supplemented with 2% fetal bovine serum.
As an antigen, a BVDV sample was used at the infecting dose of 100 TCID 50 per well, to the titration value of 3.16x10 −4 TCID 50 whilst BoHV-1, was used at the infecting dose of 100 TCID 50 per well, previously titrated according to the Reed and Muench technique [25] , being evidenced to the titration the value of 6.31x10 4 TCID 50 . In all, 50 μL of medium per well was distributed in a plate, with the sera mixed in duplicate at a 1:2 and 1:4 dilutions, followed by the addition of 50 μL of viral suspension at a 100 TCID 50 /50 μL concentration, with a cutoff of 1:4. The plates were then incubated for 1 h for BVDV and for 24 h for BoHV-1, in an incubator at 37°C and 5% CO 2 and, after the incubation time, 50 μL of MDBK lineage cells in 4.5x10 5 per mL concentration were added, before returning the samples to the incubator for 96 and 72 h for BVDV and BoHV-1, respectively. To validate the test reliability, cell positive and negative controls were performed, respectively, on each microplate, with the cytopathic effects of these controls being evaluated before the plate samples were read.
Statistical analysis
For the association between the serological status of BoHV-1 infection and aspects of hygienic--sanitary and reproductive management, an interest variables univariate analysis was performed using either Pearson's chi-square test (X 2 ) or the Fisher exact test, when necessary, considering as dependent variable the result obtained in virus neutralization (positive or negative). The EpiInfo TM 7 program was used to perform the statistical calculations and the significance level was set at 5%.
RESULTS
Bovine Viral Diarrhea Virus
The occurrence of anti-BVDV antibodies in buffaloes was 97.9% (239/244) [ Table 1 ]. From the eight sampled properties, 100% had at least one positive animal for this infection. The distribution of antibody occurrence for buffaloes by properties ranged from 90.5% to 100% (Table 2) . It was not possible to perform the association analysis between the serological status of BVDV infection and the hygienic-sanitary and reproductive management aspects, since all the properties had a high occurrence of positive animals.
Bovine Herpesvirus Type 1
The occurrence of anti-BoHV-1 antibodies in buffaloes was 56.1% (137/244) [ Table 1 ]. From the eight sampled properties, 100% had at least one positive animal. The distribution of antibodies occurrence for buffaloes by properties ranged from 4.8% to 100% for BoHV-1 (Table 2) .
In the association analysis between the serological status and the hygienic-sanitary and reproductive management aspects, a significant association was found for the following variables: an extensive (Table 3) . When analyzing the association between the reproductive history for BoHV-1, an association was observed between vaginal discharge (P = 0.036) and placental retention (P = 0.036).
Co-infection by DVD and BoHV-1 was observed in 55.3% (135/244) from the animals, with antibodies occurring in a range from 4.8 to 100%.
DISCUSSION
Bovine Viral Diarrhea Virus
This is the first record of the occurrence of anti--BVDV antibodies in buffaloes in Pernambuco state. It is known that the BVDV in buffaloes is distributed worldwide, presenting a variable prevalence from 11.4% [12] to 84.2% [4] .
The occurrence of anti-BVDV antibodies in this study was 97.9%. This was higher than those reported in other country's regions, as in the Minas [35] . Differences between serological studies in several parts of the world may occur due to several factors, such as the age of animals, the type of sampling, sanitary and nutritional management, and individual differences between each animal [1].
The results of the present study demonstrate a high occurrence of anti-BVDV antibodies in each of the properties in Pernambuco state, demonstrating that the animals have contact with infection sources, due to the large number of positive animals. Indeed, it is likely that there is at least one PI animal in every herd.
The agent's maintenance in the herds may be mainly related to the presence of persistently infected animals (PI), which eliminate large amounts of the virus in the environment [37] , constituting a constant source of infection for other animals. Therefore, research must be conducted to identify these PI animals.
It was observed that 100% of the properties possessed at least one positive animal. In the Ribeira Valley, São Paulo State, the number of properties with positive buffaloes was 100% [24] . A study carried out in the Pará state indicated a prevalence difference between the properties, with a variation from 0% to 97% [35] . The high number of positive animal properties may be related to the absence of biosecurity measures; a subclinical BVDV infection can occur which the owners cannot identify it, as it is not common the adoption of a reproductive program in the region.
Control of BVDV infection must be conducted to systematically reduce the occurrence of an infected herd, prevent contact with PI animals, and with females gestating PI animals is the key to reducing incidence in herds [17] . In Belgium, a study carried out on farms that eradicated BVDV observed that it is still necessary to reinforce basic biosecurity measures, for example, adequate use of protective clothing and avoid contact with neighboring herds [27] . Vaccination of animals is also an important strategy for infection control [32] .
Bovine Herpesvirus Type 1
It is also noted that this is the first record of the occurrence of anti-BoHV-1 antibodies in buffaloes in Pernambuco state. The occurrence of the anti-BoHV-1 antibody in this study was 56.1% (137/244). In other states, both lower and higher prevalences were reported compared to this study, for example, in Minas Gerais, 14.7% (38/329) Regarding the number of properties with positive animals, all tested positive for at least one positive animal, like that found in Pernambuco in cattle [31] . In Goiás, 98.5% of the properties had at least one positive animal [2] . The high number of properties with positive animals may be related to several factors, including the ability of the virus to remain latent, thus introducing a single animal infected with BoHV-1 sufficient for infection spread and perpetuation in buffaloes. In addition to the neglect of bubaline health and lack of knowledge about this infection pathogenesis, associated with the lack of diagnosis and initiatives to implement control and prevention programs [3] . It is believed that the introduction of infected animals and the lack of disease knowledge by the producers may have been responsible for the agent's introduction and maintenance in the herds.
In the association analysis between the serological status and the hygienic-sanitary and reproductive management aspects, a higher frequency of positive animals was observed in the herds that adopted an extensive breeding system (P < 0.001); this may occur due to a low control of reproductive diseases, when compared to dairy farming, and may occur because of the agent's introduction into free properties [5] . Another hypothesis, would be the possible contact with neighboring herds, facilitating direct contact with infected animals or the indirect contamination by contaminated water and food [7] .
In relation to the type of herd, an association was observed for open herds (P = 0.029); this variable was identified as a risk factor in cattle raised in the Paraná state [5] . This association can be attributed to other variables, such as if the animals were purchased at agricultural fairs or not [34] . The animals purchased at fairs was identified as a risk factor in buffaloes, in the Paraíba state, highlighting the importance of performing a sanitary control and serological diagnosis in the purchase of animals, to avoid introduction of infected animals in the herds [8] .
The presence of wild animals presented an association (P < 0.001) with the positivity in the VN. It can be explained by the fact that, although some animals do not play an important role in the dissemination of BoHV-1, they can take on the role of carrying the virus when moving from one place to another and between properties [34] .
Another variable that showed an association with the frequency of positive samples was a lack of cleaning facilities (P = 0.008). It is known that the transmission of BoHV-1 can occur through contaminated aerosols and fomites [16] and by contact with respiratory, ocular, and reproductive secretions [9] . In buffaloes, in Paraíba, the presence of sites with water points was a risk factor, probably related to indirect transmission by contaminated water ingestion; these animals have a habit of bathing in mud puddles or water points and urinating and defecating, there being ingestion of contaminated water in these places [8] . Corroborating the study that indicates the presence of BoHV-1 buffalo feces, indicative of a source of environmental contamination [29] .
Regarding reproductive management, a reproductive absence (P = 0.029) and natural mating in females with reproductive disorders (P < 0.001) displayed a significant association. This may have occurred due to the use of transfer bulls and by the practice of lending bulls to other properties, which mate with many females, contributing to the spread of BoHV-1 in the herds.
Semen is an important elimination route for BoHV-1, increasing the probability of virus infection on properties that use the practice of natural mating as a reproductive method in herds. Artificial insemination centers may be sure of the agent's absence in the semen [6] . Transmission may also occur by contact with preputial or vaginal mucus [9] .
In the herds where the BoHV-1 infection occurred, the animals presented a history of reproductive disorders, such as vaginal discharge (P = 0.036) and placental retention (P = 0.036). Reproductive disorders and abortions have already been associated with BoHV-1 infection in buffaloes, indicating that the virus can be expressed pathogenically in buffaloes [11] .
Co-infection was observed in 55.3% (135/244) of the animals. This result may be associated with the ability of BVDV to cause immunosuppression in animals, facilitating the maintenance of BoHV-1 in herds [13] . In a study carried out in buffalo herds, in Paraíba and Pará state, respectively, a co-infection was observed between BVDV and BoHV-1 [8, 35] .
Finally, several prophylactic measures could be introduced including diagnosing infected animals, a strict sanitary management, animals' immunization, reproductive control, animal traffic control, and implementing biosecurity measures [22] .
CONCLUSIONS
This is the first record of BVDV and BoHV-1 infections in buffaloes in Pernambuco state and, from the results obtained verified that BVDV and BoHV-1 infections are distributed in buffaloes in the region. It is recommended that prophylactic measures such as routine diagnosis, reproductive control, and strict health care such as cleaning of facilities, avoiding contact with neighboring herds, acquisition of animals with a negative diagnosis and the use of an artificial insemination program must be implemented in the properties with the purpose of reducing the reproductive losses caused by these infections. 
